To clarify the cell of origin of granular cell tumors in the rat brain, light and/or electron microscopic examinations were performed on 40 cases of spontaneous meningeal tumors in Wistar (Jcl: Wistar) rats. The meningeal tumors were histologically subclassified into 3 types: meningothelial meningiomas (MMs), 3 cases; granular cell tumors (GCTs), 28 cases; and mixed forms (MIXs) of GCTs and MMs, 9 cases. Of these tumors, 2 MMs, 2 GCTs, and 3 MIXs were examined by transmission electron microscopy. Tumor cells of MMs were characterized by cytoplasmic intermediate filaments and prominent interdigitating cell processes often connected with cellular junctions without surrounding basal laminae. GCTs were composed of 2 cell types: granular cells with many dense bodies and filamentous cells with fine intermediate filaments. MIXs consisted of granular cells, filamentous cells, and intermediate cells. The tumor cells in GCTs and MIXs were apposed to each other and connected with cellular junctions. MIXs displayed a spectrum of cellular differentiation in that 2 MIXs had a close morphological resemblance to GCTs and the other one to MMs. These findings indicate there might be a histogenetic sequence among MMs, GCTs, and MIXs. The present study supports the suggestion that GCTs and MIXs may be variants of MMs from the meningeal arachnoid cell.
Morphological and Ultrastructural Study of the Histogenesis of Meningeal Granular Cell
Tumors in Rats* TOSHINORI YOSHIDA, 1 KUNITOSHI MITSUMORI, 2 TAKANORI HARADA, 1 AND KEIZO MAITA 1 INTRODUCTION That granular cell tumors (GCTs) in the rat brain are derived from meningeal arachnoid cells has been suggested (6, 7, 9, 10) . The arachnoid cell origin has been supported by the following evidence: anatomical location of GCTs close to the leptomeninx, presence of mixed forms (MIXs) of GCTs and meningothelial meningiomas (MMs) , and morphological similarities in ultrastructure between GCTs and arachnoid cells (6, 9, 10) . At the ultrastructural level, however, morphological similarities have not been investigated adequately in these tumors. Indeed, it is known that GCTs are composed of 2 types of tumor cells: granular cells with cytoplasmic dense bodies and filamentous cells with intermediate filaments con- nected with intercellular junctions (9) . In rat meningiomas (4), unlike GCTs, the majority of tumor cells are composed of fibroblastic cells with interdigitating cellular processes; the cells are devoid of desmosomes and intracellular filaments. These morphological differences cast doubt on the close relationship between GCTs and meningiomas. Because MIXs have not been examined ultrastructurally, we investigated these tumors morphologically to clarify the cell of origin of GCTs. This report describes conventional light and/or electron microscopic observations of 40 cases of spontaneous meningeal tumors including 28 GCTs, 9 MIXs, and 3 MMs in Wistar rats.
MATERIAL AND METHODS
Forty cases of spontaneous meningeal tumors (25 males and 15 females) were selected from the histopathology database of the brain tumors in Wistar (Jcl: Wistar) rats from control and treated groups of 10 long-term toxicity studies conducted by the Institute of Environmental Toxicology (IET) in Japan. The incidence of these tumors was not related to treatment with test chemicals; all were considered spontaneous neoplasms. The tissues had been prepared in 10% neutral-buffered formalin and embedded in paraffin. Sections from original paraffin blocks obtained from the IET Archives were cut 4 J-Lm thick and stained with hematoxylin and eosin for light microscopy. In addition, selected serial sections were stained with periodic acid-Schiff with and without diastase digestion to characterize further the granular cells and Masson's trichrome and Elastica van Gieson for collagen fibers. For electron microscopic study, specimens of the brain tissues that had been sampled from 2 animals with MMs and 1 animal with MIX at death were immersed in a 2.5% glutaraldehyde solution, diced into 1-mm3 cubes, postfixed with 1 % aqueous osmium tetroxide, and embedded in Quetol 812 (Nisshin EM Corporation, Tokyo). Moreover, the formalin-fixed wet tissues of the brain from 2 animals with GCTs and 2 animals with MIXs were also postfixed with 1 % aqueous osmium tetroxide and embedded in Quetol 812 for electron mi- Bromma, Sweden). The former sections, stained with Toluidine blue, were used to select target sites. The latter were stained with uranyl acetate and lead citrate and examined in a JEM 1200-EX II electron microscope (JEOL Ltd., Tokyo).
RESULTS
The incidence of meningeal tumors in the colonies of Wistar rats was 25 of 2,448 males (1.0°~0) and 15 of 2,448 females (0.6%) (Table I) . Of the 40 subclassified meningeal tumors, there were 3 MMs, 28 GCTs, and 9 MIXs of MMs and GCTs, according to previously published criteria (10) . One case of each GCT, MIX, or MM was observed as small nodules, which were localized within the leptomeninx (Fig. 1 ). The MMs were characterized by a lobulated arrangement and whorl formation of meningothelial cells with abundant homogeneous cytoplasms ( Fig. 2A, B ). The GCTs were composed of sheets or nests of closely packed eosinophilic granular cells and small dense cells (Fig. 3A, B ). The MIXs consisted of lobulated arrangements or sheets of meningothelial cells, small dense cells, and granular cells (Fig. 4A, B ). Meningothelial cells in MIXs often had cytoplasmic granules identical to those of granular cells. The cytoplasmic granules in the tumor cells of GCTs and MIXs were weakly positive to periodic acid-Schiff reaction with or without diastase digestion. There were varying amounts of collagen and blood capillaries in some of the GCTs and MIXs.
Ultrastructurally, MMs consisted of cells with variable cytoplasmic density and elaborate interlocking cytoplasmic extensions that formed interdigitating processes with the adjacent cells (Fig. 5A ). The tumor cells showed close apposition to each other, providing intercellular desmosomal junctions (Fig. 5B ). There were occasional, minimal intercellular spaces. Irregular bundles of delicate intermediate filaments observed in the cytoplasm were not prominent. A few cells displayed some heterogeneous and membrane-bound dense bodies that often contained irregular, small, electron-dense subunits, probably derived from autophagosomes. Collagen fibrils were not observed in any of the samples.
GCTs were composed of 2 cell types: granular and filamentous (Fig. 6A ). The granular cells were predominant and filled with variably sized heterogeneous and membrane-bound dense bodies. Other cytoplasmic components included multivesicular bodies, variably sized empty vacuoles, and few fine intermediate filaments. The filamentous cells, which corresponded histologically to small dense cells, contained few to many fine interme- diate filaments and a few other organelles. Small numbers of dense bodies, similar to those in granular cells and primary lysosomes were also seen. The nuclei were small and dark. The granular cells and filamentous cells were closely apposed to each other and often bridged by intercellular desmosomal junctions (Fig. 6B ). The tumor cells often projected slender cytoplasmic processes with a slight interdigitating appearance.
In MIXs, the tumor cells could be classified as both granular cells and filamentous cells, but cells with intermediate features of both cells were frequently identified (Fig. 7A ). The granular cells had a moderate number of dense bodies, which were smaller in size than those in GCTs. The filamentous cells contained many fine intermediate cytoplasmic filaments and a few other organelles, and the nuclei were small and dark. The intermediate cells were rich in cytoplasmic organelles including abundant fine intermediate filaments, and they also contained a few homogeneous dense bodies. These cells often exhibited slender cellular processes and sometimes were connected by intercellular desmosomal junctions (Fig.  7B ). In addition, in 1 MIX, tumor cells had marked interdigitating cellular processes with intercellular spaces ( Fig. 7C ), whereas other MIXs showed fewer interdigitating processes.
In GCTs and MIXs, there were sometimes thin cytoplasmic processes in various portions of the tumor tissues where the distribution of collagen fibrils was considerably abundant. The fibroblast-like cells were frequent near the capillaries. The pericapillary basal laminae were often reduplicated or fragmented in all the examined tumors. In 1 case of MIX with severe interdigitation, basal laminae, which were multilayered and mixed with collagen fibrils, were noted around the tumor cell surfaces and faced the blood vessels (Fig. 7C ).
DISCUSSION
Opinions have been divided concerning the histogenesis of GCTs in the rat brain so that there is no definite consensus. That toxicologic pathologists suspect a correlation between GCTs and MMs at the site of onset and histologic findings is well known. The results of the histological study confirmed the presence of MIXs of GCTs and MMs in the rat brain. The consistent anatomical site of small nodules within the leptomeninx is intriguing and must be weighed in proposing a histogenesis for these tumors. These findings are consistent with Mitsumori's report for GCTs, implying a derivation from the arachnoid cell (10) . However, different evidence in the literature has suggested the Schwann cell (14) or astrocyte (11) as a possible origin of GCTs, thus questioning the suspected correlation between GCTs and MMs.
We attempted to demonstrate a meningeal origin by describing the ultrastructural features of the 3 types of tumors in the rat brain. Although the tumor cells of MMs and GCTs exhibited ultrastructural features that corresponded to human meningiomas (1, 13) and rat GCTs (6, 9) , respectively, the findings of a few dense bodies in MMs and a slight interdigitating appearance in GCTs emphasize the importance in accomplishing the present purpose. Friede and Yasargil (3) reported that a human suprasellar meningioma contained multifocal nests of granular cells in which there was ultrastructurally an interdependent relationship between meningioma cells and granular cells (3) . The cell surfaces in those granular cells showed extensive interdigitation with adjacent cells, and meningioma cells contained lysosomes and vacuoles that vaguely resembled the earliest stages in the formation of dense bodies in granular cells (3) . In our study, MIXs were composed not only of granular cells and filamentous cells, which could be interpreted as the same cellular components of GCTs, but also of cells with intermediate features of both cell types. Although intermediate cells corresponded histologically to meningothelial cells, they were rich in cytoplasmic organelles including fine intermediate filaments and dense bodies, indicating GCT, not MM, differentiation. One case of MIX, however, had extensive interdigitation of cellular processes and intercellular spaces resembling those in MMs. Indeed, the ultrastructural features that were interdigitating cellular processes, intercellular junctions, dense bodies, and intermediate filaments were indicative of a histogenetic sequence among MMs, GCTs, and MIXs.
That intracranial astrocytomas in human (2, 5, 12) and rat (11) might have the potential to become transformed to GCTs has been reported. Komfeld (5) reported that multipolar neoplastic astrocytes contained numerous granular bodies, and granular cells possessed cell processes in human glioblastoma. Based on the interpretations that cytoplasmic intermediate filaments, not intercellular junctions, are a major feature of glial cells (2, 4, 5, 12) , the presence of both structures in GCTs and MIXs apparently indicated no differentiation to glial tumors. Wright et al (14) suggested that groups of cells partly bounded by a basal lamina in GCTs in the rat brain were derived from Schwann cells. In our observations, basal laminae that bounded groups of tumor cells in 1 case of MIX could be distinguished from those in the Schwannoma, however, because they were multilayered and faced blood vessels as described in the GCTs of the human brain (2, 8, 12) .
Our study strongly supports the previous suggestion that GCTs and MIXs in the rat brains are variants of MMs and may be derived from common progenitor arachnoid cells (6, 9, 10) . Thus, both tumors should be classified as granular cell meningiomas (6) .
